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. . ISTICSOF SWEPT-3ACK”WNG$-“’.. .-,t.-.!,;. ... .. . .
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,, ....L.:-.“ ... ,..”’..-.. ,. .,.-.. . ..... >’“. : -.. .-;- —.? .... ....... :., ...-,.
. . “:;Te~3s”were‘c;bnductedon un”taperedconstant-sp~”““’1,,
tiin~s;-oF,OU” S43°7.~~”,“and600.sweepback.The purp.os~
of thbs$:’f~stswas to,investigatethe effectof”swee”@a~k
on stabtlityand’controlc&aracteristic”s.“-- . ....~.<.....

. . —-—

Th&..-t@$.a.,~@.oF.e~$~argechangesin longitudinal‘sta--
bility&t.UQaer~te:”~ift.,COeffiGieDtSfor the ~~o And 60°
swept-back”‘~v~tigs. The lateralstability,the slope,of
the lift ctqw$,and.jjheeffectl~enessof“ths+ai+e.r.onqnd
the sput”~~lqpat”srqqllanS1.es--@attack=ried.,wi-th..
ang16~Qf.:i$~,e.ep,btic,k.,a~o~ta,s.kmch“:R$.:}ioQ,ld~“”&”ex”p6cte@
from.sitip#e.,theo,rqtlOQ :consIdeations.“S@ ilers.,.-y5re.
much le,s”ar$~”f:ep.bZve~$-x.,wouldbe indi@tL6’.d~by ++rn?l.e :
theory..“-,”;’..:.j , . ‘.”,~.-’ .;...,:..-.~~~-:.y.t.~”;.... .T..—_-

...- ...,..,$”:; -,.... .-
AQ1 Hip ,qyept~jv.ings.with.f.lag”sn~u-{ia’~‘r6-zCh?@-d”-a’~’,

maximw .v”&lue.o~.,about,,20°effectivedihe[&”dl””qt.“.s”orne:“.
lift coqxfic.i-e&J:Droap%ngthe..wihgtips d~crS@”edthe,.,
slopeof q=~lJlng-p.pme:ntcurve@lottieda@i+yt.”#”q@e’,qf .,.,,
yaw. Because~the:reduction.ir-i-creasedtii%h”iqcr~qs@..,,”~~:,
lift “ioefi’ic’i4?nt”,droopingthe tips appetired’”to%$ & ‘- “’
promisingmeans of reducingthe unfavorable,l~te,r.~1~9ta-
bi,lity..c,l+a,r~~~e.ri+ti~sor.win&s:with‘largesweep>.abk,..-. -+..”.

..::.’.Y,’.“-------.,. .:.; ~ ,.- ... .
. ‘‘T’l+;Ja~e&ni,.$gr..‘:cap;til;:bf‘tP@niqg~otl$j;t“k~..+”O${iil~.

moment:‘cauq”ed~~y:on:~.smalla’ngll%~SO*‘=f:+@9~”\p ‘f”ortb.q.M:fl
highlySW6PX.-@a.ClZ.,w,iA&.i~,The~svi=”\l‘-~~fkk”-~nPitch~g
momentc.au”sed“byaileropdeflectionindicatedthatwing-
tip elevatorshavingswept-backhingelineswouldbe
relativelyineffectiveon highlyswept-backwings.

The maxtiumliftwithflapsneutralremainedabout ‘-–
the sane~or all anglesof sweepback.The incrementof
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maximumlif’tcausedlJythe
witk.angleof sw.eepbackto
600Stiepl-backwing. ~

—
8
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split-flapdeflectiondecreased
approximatelyO for the “-----
. .... ..... . . .

.,. ‘c
-., INTRQ~CTIOit

Much interesthas been shownin the possibilityof
usingwingsw$th largeamounts.of sweepbackf%r high-
speeclmissilesand aircraft. Analysespresentedin refer- .@
ences1 and 2 show thatthe lif’ton a swept-backwing
depen,dsprimarilyon the componentof velocitynormalto
thewing leadingedge. Reference~ showsthat thiscompo- %
nent of velocltyalsois a most important‘factorin deter--
miningcompressibilityeffectsand pointsout that,from
considerationof’coripressibility,the criticalflightMach
number-ofa swept-backwing shouldhe higherthanthatof
an unsweptwing. In orderto mintiizethe adverseeffects
of’compressibilityat highMach numbe”rs,the ~g”leof
sweeps~qld be -suchthat the c~mponentof velocitynormal
to the Ieadtigedge doesnot exceedthatcorrespondingto
the cr$ticalMach numberof-tfie.airfoilsections. “,...,.“

ELncevery littledata‘&e’.avajlableon wingshaving
angles“of‘swe~p&eater than3.0?,testsof’,anexploratcmy
natureWeremade of win s hav~figangleso-fsweepback
of 0°, ~~~,:~.~”,,and 605.Theb.etest8”weremade in the
6-by6-toottest sectionof ‘theLangleystabilitytunnel,
to investigateat.low speedsthe stabilityand control
characterist$c~.@’swept-backwings. The.effectof
sweepbackon $Qe.e~fectiveness~f an,aileron,.a split
flap,and R spoiler.,was”investi~afied<f’oreac,hswbepback
angletested. ,Theeffectof a“~oo~,e’dt.iRwss investi-”
gatedfor.the”4~Qswept-backw“ing;,ap~ the~:effectof
increasedQ&pe@ ratiowas inye~,ti~a$p-dfor”,the.O”and
45° swept-backwings. .. ..

,...------.-
Altho&’ghthese”testsweremade at”low airspeeds,the

dataare.s@o OR importancein appl:cetio.n’totransonic
speedbec-ause,,““-”-””‘aspointedout”inreference3.,”~ the
wingsape designed.with properswebp~-%he,w+ngwillhave
the.same characteristicsas at-.subcriti.calspeed,,----
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The dataare referredto:tbestabtl.$.tyaxes,which+
are a systemof axeshavingtheiroriginat the quarter
chordof themean aeroclyn~icctirdand in ~hfch the .
Z-axisis in the planeof symmetryand perpendicularto
the relativewind, the X-axisis in thetip.laneof symmetry
and perpendicularto the Z-axis,and the Y-axisis perpen-.

1“
dicular-tothe..plameO? Sin-try. ,.All~o~entsare given
aboutthe quarterchord.ofthemean aerodynamicchord..-

...’”
liftcoefficient
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C%laxmtiimucmEft,coeffic”i-ent‘“”“ “:““ “ ‘:’ -
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longitudinal-forcecoefficient
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rolling-momentcoeffic~ent.—
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N .“ ~‘Y&wtng:momentcoiff’iciptit””,”—.; .: qsb
c C*

-L.

x

Y
● &

~1

-.9 ,9 ‘
M

N
,

lift ~ !,::,[,:”,, .,,,..... .. ... . .
.-“

longituciinalforce -.i
,1,”’:. . .

___
.-

lateralforce ,,.;.,,.:} ., . .... ..—— +
—k

\

‘rolltig’motien.t”;abo”ut:X-zljci<‘“’ “ j~~
,,,“.- .... .;,1..-,- ...’.-.-—-

\

pitchingmomentaboutY-axis,. “,,.., .::,,-.:,:..,..,,.-.-,.:+..-,. ....... ..
yawing~omentabout Z-aXiS -
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dynamicpressure
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mass densityof air ,‘#
.. ..

free=streamvelo~ity .--,____ .~__~:
.,,!,...,+. .-.-r...-’-. ... . .-””-

wing”.ai=-a{;:‘“.-:‘..-.,‘. .. .. .
,, ,:. .

chord“”“o.~’wi”ng~measured
symmetry .. . .

mean.geometricchord.~f
‘:.:

tm axisof s~etry,=-

..
‘&rallelto axisof
:,. .,- 2.,

wtigjmeasure=dparall~.1-..=

span pl’:w3n~,measu5edperpendicularto axisof
symmetz+””~’

distancefrom leadingedgeof root c~rd to the
quarter..c~rd of.themea, georne.tnicchord. . .

-L-. : : ::_=—y

**._..
..—

>.. ..--,

.

...—. -- --—

distance~o~ the qua.r,~er-chordpointof any ctird-
wis~+”s-ectionf’rbm’“theLe”adingedgeof root
section

slopeof,”the”.curve.of,,lif,$ coefficipntP1Otted
again!st-~-~ngl~’&f attack‘“:’ - .’

sla.peof the curveof rolling-moment.coefficient
plottedagainstangleof yaw

..

slopeof the curveof yawi.ig-rtibrnentcbe-f~iclent
plottedagainstangleof y8w

slopeof’the ,cur~reo~..rolli~~-moment~oefficlent
plottedagainstai”leron”“angle - ___———..—---—

,

b

. . J.

..

/

_.. -
— -- ~. *_

“&ngleoflatti’c~j-”’+ieii~ibd’‘inplane’of symmetry,
degrees -,

—— .
..”’-..,

%.>. —_-.— =-. .
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angleQf:yaw;positivewhen rightwing is back,
degrees .... . —

,,. .,,...
angleof sweepback,degr”e~s “

.,.-,, .-
ailerondeflection,measuredin a plane perpen-

dicularto leadlnge’~e,degrees
,,

.’w A

6a

flap de~lection,measured’ih a planeperpendicular
to leadingedge,iiegrees , .—“

aspectratio (~2/~)A

Ee
.-

1

.—

effectiveedge-velocitycorrectionfactorfor
lift.(refOrence.4) .-—.

.!. . .

effectiveedge-velocitycorrectionfactorfor
rollihgmoment (reference4)
:. .

Ele

aspect-ratiocorrectionfactorfor lift““ . .

( ‘)““(EeAA+2’)
(Ee:+ 2)A=~

-—-

.,.

4

T’

..

‘ aspect-ratiocorrectionfactor;forrgllingmoment

( ):---

~,e;+4)~ ~ ,.- ‘“-

(
A

)

,,,
.,

EfeA + 4 *=0
[ “1 .....” ..

wheresubscript
samewing-panel
subscriptA = O
sweepback.

O refersto ~swept wingshaving,the
shapeas the swept-backwings;,and..the.
refersto the wing testedwith Zero . ..

-.

APPARATUSAND MODELS
‘i

—

,.. .

,,
The presenttestswere conductedin the 6-thy6-foot

test sectionof the Langleystabilitytunnel.‘

..

.

..- .= --T .— --,
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Themodel consist-cdof two rectamularwin~sof the ●%
NACA 23012airfoilsection. TP.ewings-werefir;t cut-to
obbd~.n& angleof’600 sweepbackand thenwerefastened
togetherwith steelbrackets. The modelwas cut suc-
cessivelyto obtainanglesof sweepbackof ~5°, 30°,
and C@. For all the wingstestedthe chordwisedimension
of the-wirigmeasuredperp-endicul”arto the leadingedge
was 10 inches. Yost of the testsweremade on ‘wings
having@ spanof 50 inches. A few testsof the 0° and ~~”
swept-backwingsweremade with spansof 40.92and
58 inches,respectively,eachmodelhavingan aspect
ratioof 4.13. The aspectratioof thew$ngsvariedwith
eachangleof sweepback. (Seefigc l.)

The rightwing of ea~hModelwas equipped~ith a -
plain0.20cchordailermnlWhichhad.a ‘spanequalto one-
half the semispanof thewing. With a changeIn angle
of sw:eepbackthe aileronand wingwere cut in sucha way
that the”spanof the aileronremainedequal.toane-half
the semispanof the wing. The hingelineofitb-aitiron
was“par-a~leltothe leadingedgeof thewing.‘-The gap ,“
betweenthe aileronQnd wingwas sealedwitti”nlastecine.

:?hesplitflap..testedon themodelwas ?Y3@,0f,...=...~=..~,.,i=
1 .. . ;.., --
‘-inch she6t”st@.. The.flap had ~.chdhde.qualtioO.20c _16 ‘“’~”““”’”’”.“ - ““ “. > .--------— . r.”-
and a“s~tifi-eQu”~l-~tOL_one-.&lfthe span”ofthewing. The
flap qx’cendtidacr~ssthe centersectionofihq model,wi,th
theflap hingeline=parallelto the leadingedge...

.

Spoilers,alsomade of ~-inch sheetsteel,were
16

tested.on themodel. The spoilerwas mountedforwardof ““
the aileronat the O.~Ocposition.ontherightwing and
ex’lxnmdedfrom the inboard-endof the aileronto thewin~
tip.

For..mostof the ~st= the.Eipsof the wingswere
tipsof revolution,but droopedtipswere also t-~stedo.n
the4J’”...awept;backwing. .Drbopedtips Increasedthe span
of thewing to 58inches. (SeePigs. 1 and 2(a).)

The modelwag mounke-d.onthe.three-strutsupportand
becausethe angle-of-attacksting,for.anglesof sweepbtick
of 300,,-450,and 600 was long,a crossbar was required
to fur]lyshadditionalri~idity.to themodel, (See
fig’s. 2(a)and 2(b).)
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D* TESTS .

.

All the testswere r~n”& a dynsmic-pressureof
39.7poundsper squarefoot. This valuecorrespondsto
a Mach numberof abo-~t0.165. The-Reynoldsnuber miried
from about990,000’tj about:1,980,000becausethe chord
of the wing,measuredparallel,tothe axisof symmetry,
was a functionof sweep. .... :-...,’.’,’-’$’%“ ——-..

For eachof the swept-backwings,testswerk ma-de
at OO.,and ~5° yaw. For Sachof theseyaw anglesthe

.’ uncorrectedangleof attackwas variedfrom -80“to.26°-
in 2° increments.For eachangleof sweepback,tests
were alsopade at 0° and 10° angleof attackfor varying
yaw angles. The angles-ofyaw for thesetestswere 0°,
~lOj.f20, ~cjO,,*1OQ,*150,~2~0,-d *250. ...— —- .— .._

The ailerontestswere.made‘withsnglesof?0° and - .—.
~15° deflectionfor each.sweepback’angle. The splitflap
testedwas set at a def~ectionof 60~. In each caqethe
anglesof.~ef’lectionwere~easu$edin a-planepFrpendic@ar

.. to the lea”difig.edgeof thewing. G
.“.-,-.,....

Although..Jhe,spoilerheigl?tiq inches’-~a~‘constant--- --—’.
* for mo”sto~,...~he”tests,the spoilerhei@t in fractitifiof

chordwas..notcon’stant.For.(lo-$we”epthe spoilerdeflec-_
tlonwas O.10c,...-. , for the 30° swe”t-back..ti@g”t~e”spciile&
deflectiongas,O:O~7c,for the t

.
50-tiw~pt-backwing the ..

sqoil%iti-&efleCtlonstestedwere 0.035cand 0;071c,and
for the 600 swept-backwing the spoilefi:.d@f.l@ctionwas
o.025c:-.. --’.: ........ ..:.. .. .,..-.’....

. . . . . .. : . .- ...
- -- ., . —.-—-

,,. . . CORRECTIONS,,... .. f ..-..--- ,... ... .,,-,--.-,.,”
-Ast.kticcalibrationof:themodel setupwas made and

th~,~gul.&deflectionsof thejmdel due to pitchingl~ads
;were.determined..The da,~awere co~rectedfor thechanges
in .a.ngle:ofattackcaused~’bjpitchtngmornen~s.No tares

~.4 were takenfor the suppotitistruts,angle-of-attacksting, -.
and.c=as~-ba,r.. ...

.“. . . . ...- ... . .
*- .- ..,, .--- .=.-

..’. .SJ.nc~,no systematictunn~l”eortititl.pfis-”forswept-”’--” ‘,
,.,.

1..“bacK”w.~ng~havebeeninve,stigated,approxim~tecorrec- “, . . ...,. tions_~for-.tunnel-wall’’eff,6ct~We~@-a~pli,edto ‘thedr~gj~d
rolling%mrnent.coefficle~ts”m-jdto the..p.ngleof attack.

.—

● The followingapproximate“correct.ip,ns.~kre applied:... .. .-.~ ....
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where
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CLt ,

cLt

K

NACATN NOs 104-6 ._......
,

Aa = ..57●3 %y : % .=...-.—, -.— .-
ACL = KCz~ .. —,—

‘‘thebciundary
reference

tiiil,g;ire:a’“

“*

correctionsfactorobtainedfrom
5

*-.=

tunnelcross-sectionalarea,36 squarefeet ..-– — ---_...-_

, .,tim”rrectedlift co”ef’fi.cient
..

uncorrectedrolling-momentcoefficient
= t->

a correction”factor from,reference6 corrected
‘for applicationto th~geteetsby takingintu F
accountthe changesof mo”deland tunnel.siz.e.. ---

The“followin~t-able““~~veg,v:aluesof’the‘correction
factorstis”edfor”eachof the,swepfi”-brack.wipgg: —...-—.- -...-----.—

. . . . . .-

A
I (S,qsft)

—— ?

K
1

0.02
.02
.02
.03
.03
.03
●03 k*—-

No correetion~were‘apElledto the–datato takeInto “ ~8
account-the &unn’el-wallef~~cton,themodel at largeyaw
angleswhen the wing.tipswere very closeto the tunnel.. .

.;---
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wall. The curveson the figuresare shown.dashedfor ,
thatrangeof yaw anglefor wh~ch.@iedata,probablywere
most seriously,,affe~tedby vfallinterferen.cje... - -

.-, . DISCUSSION:
.“

.

..
‘. :... .

-. ,:. =
. . , .The~’basicdataobtainedfrom thesetestsare presented
in Eigures:3.to.3.5.and-an indexof these-fi~-esis giveti ‘“ -
in:-tab~eI.- Some resultsare sumarized and comparedwith
theorett,cal..,r~sults,in figures36 @ .&..-A.compar~sono~-~ ‘
data:offigures,3.to3~.indtcatesmany d~fferengesbetyeenthe “—
ch.fmacteristics,.ofa wing with no swpepbackand wigg~with
larg#w.moWtsof.sweepback. Thesedifferencesqre . -

.Pla3n,wings.-The decreasein the slopeof the,lift
curvewith sweepbackand aspectratio is sliownin
figurej36.withan estimatedqurye. ,.. .

.;~hemaximumliftcoeffic~Ont:of~~he.&ing9without
-.~

ffipswas approximatelyindepe~dent-~~f.the.angleof
sweepback,but the ang@ of.at~acku~~.~~imumliftvaried
nearlyinverselyas the cosineof the angleof sweepback.

,.,., . .
The shapeo.f“t~e.cuyves@’ ~~~~a~d pitching.m.oment

of the highlyswept?hack-.wlngs..a,a,afunctionof ang~eof
attackare decidedly”,nonl>fiqaT”t~$>gs$3(a),.lo(a),

, and 13(a)). The ~iqg~w+~h,60~:~\ve-ep~~qka~.aboqt-CL=0.3
and the wing with ~50’sweepbackat about CL = 0.75 skw
an increasetxi.the..sbpe-of“the.liftcuPveo:ah&a diving

t tendencyj:indiaatdd:.byflthe”-suddefi}c’@fige._!ik”’slope-6fthe
pitching-mornefit~:ourve:These”,.c~%ract6rfst”icsi.ndifiate
an i.ncrease.in~loadatthe.tt~s:~’.possibly~accoxip~niedby
a rearwardshiftjof.”thedenter’:of:pressurd”:ateach section.
Tuft observationikthis atiitude’,ibdictitesthe-air~~ow
to be rough.’and.nearlypara~lel”’to.t~ewing leading”ed~e
near -theroo”tand centerpartsof thewing. At higher
anglesbf~~ttack:the”expeeted-tip-stallingtendeqcy’”of** sweptnback:wingswasenc6tinte.red;this tetitleticy-is,$ndl-
catedt,bythe.round&ngof:.fheiliftcurvei.li$the un$~able

b+ slope:ofi&,he:pltching-momentdurvej.~and.bylargekcreases
in @ag. T-Qelongl..~~dinal.forcecoefficient.nearC%* ,:,... . . ,.,
is:..atleast”5times..as.greatfor the wing With &OO”’sweep- .
back a.s.tor.th: unswep:.,,w@g(f~$YJo3(~~and=2?jb))*...The.. .. .

.-
.

——.

.

..
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increasedchordof’.the droopedtipson thewingwith
45° ~~w~ejbackhad no.appreciableeff’ecton the unsttible
pitching-moment.slopecausedby tip stalling(fig.n(a)).

Dataf.rantestsat about.thesameReynoldsnumber.’
and Mach number(0.1)in the-Lanley 300 MPH 7- by lC)-foot
tunnelof a semispanmodelof a f0° swepti-back,tapered
winghave shownqualittitivelythesesame l~ftand pitching-
momentcharacts~.stitc.saThe wingswit-tiOo.and30° sweep-
back djj7d-ti6%showthe unusualeffectsencounteredwith
wings-:gf):~oq~d...6~.~sweepback.The 30° swept-backwifig,
however?d~d@v.e a divingten.denc~’just-beforethe s$all
(fig.20(a).)..Th6val~gof CL” at whichirrwgula~itles
occurZ5”a..linear~nction of.sweepback~”&kare the values
of C:j““5%.wlifch’tlpstallfigl$.in@ca$ed,bytheabrupt
pCISitiVe :change.intk~ slmpeof tlje””p~tching-momentchive
(ftg.43)..: ,.,... ,..

t The.adver$e.effectsa.fi”’lo~~it,ud~nil-s%abilityof
plainwin~.cau&edby”largeamount%of”s}v,ee-pbackare
shownbythe curvesof aero”dynaimtccen”teras afunctlon
of’liftcoefficient(fig.57),?The curves“fcrfihe~5°
and 6CI0s%?ept-bac~”yings”,indi~ate.$.hatfu~ther..investi~-
gationis”neces~ary”inorder‘tofind ways’’”of.retiy~ing.
thelarge”neutral-pointshiftsak.wnby t.h~q”g,..dat-a,,. ...-....... . ....

The lift.of.~-heunsweptwings decre~se,d“rnark~~ly
wlIeuyiiied,but as the”angleof’sweepba.c~was “increased
the li,f.tremained~orenqarlyconstanjt:~as.th.ewing was
yawed. ‘Forthe:600swept-backwing the lift was nearly
$ndepe:~dentof angle-of jaw (f’ig.”5(a-)).,.

.7 ,.. . -’:-.. .. . -
The”roll”ing,qorne~~,bf””theswe.pt~back”w.ifigswhen’

yaw~d:hcreasednejarlX.,llnuarlyw~th”liflt-cbefficiegtin
the ti]’ectiori,.~~,.rq~sq..the-forwardwing:tintlilthe critical
liftcc)efi’i.cie~t&,we~@,.re&ched.The’farwar~wingappare-
ntly s~all.ed.fi~~twhen.yawed:athigh lift coef~icients.

.

.

. n

‘i?

.8

* :.

. ..

.
.

r

/

.

I

‘as “indi.c~ted,.by.~~e..decreas~:in.the~olling’mornefit‘that“-.......tended“toraisethe .~urwardwing..:., (Em -“e3aplple,.t’i”g..3({).).. . +
i“h~-i<tie.of-”~~jhqnge~.~rolling-moment’coe’ff’ic-ient

witi,angl”e’tif:.y.a”wG.~*,was.,,sma.11.sndnearly.the saire’at
zebp.”1.~ftca”effici”sn~~..qllwtiggtes”ljed”(i%g.~8). The
val’ueof Gi*9:~yeve~, $.n.Gr.ea@f?.d,at-a:dtfferent”rate with,,
lift coefficient”for”eachwi”h-g”[es~ed.” All the sw”ept-b~ck
wirigsw,~.t.h~lg,p,s,neutr~lreaclmd.=EE@.mm v+U.1= of C.L-\j.:.—----.- , ..... ,
of abou’t”‘~’.”~”~,’’”whfch”valu”e”in _&&~ of a cbn”ve~tion”al~

. . . . *.- ..-+

1 1



..

..

.“

. ..

unsweptwing,-ofi;,~~ap~ctratio 6:eorrespo’ndsto about20°
eff,ectived~edr.al. The r’atesof chq-ngeof,.. c2* ‘I:t:.‘
liftcoefficien-tmeasuredat smqll”lift coefficients
(fromthe:@.yvesOr ~fig.38) aie plottedaga.fnstangleof
sweepbaclcin”f-i@e.39 with an,~stimated”curve. ‘1,.,” .-1.’.>.,.

The valqe.if bC@CL .for“the”unsweptw}ng,{Oiobi).
probablycan.t$e::&zttributedto the effectsof the nearly‘“-
blunt tip shapes.(,r,:f’erence7). Of”the t~tal tialueof
6C2~/~CL for th~ swept-backwitigs;,p03s\~lY

= ~,00~-IIIay be attfi~b”uted ti’o the effectsof@CZ@L) ,, ,,; ~i .-
tip shape. . “ -,.,.: .,.-’.i-.J.,

:- ”--
The droopedtip? tes~edtihth&.~:5°swept-baa wing

actedsomewhatas~aIoly-qapect-mtiasurface‘~it’hnegative
dihedraland therebyreducedthe valuesof cZ* by about
0.0006at CL ~ O*1 andby aboutQ.001~ at‘ICL ~ ~.~

) (fordroopedtip 2). (SQe~\g.”12(c.).). The .unf’avorable
lateral-stabilitycharac~eri$tics,’,of,,wing swit~lqrge
sweepbackcan.be reducedQy .~~e.“tiq’e,ofa;dro.o.pedt+p ...

. becausethe droopedtip decr”sased--Civ “Inprcpurti~nto
an increasein CL. ... .. ....-.

J ------... .
The stie.forceand yawingmom”en~,schangera~ldlyand

i-rregularlywhen $he wingis yawedaf lifttiti~l’fi~$ents”’
greaterthan the criticalvalues”when the divingrnorne-nt-
occurs. At smalllift coefficients.t;ne.~r.ecti~-nalstab-
ility Cny is smallhut,favorable;except~or.titi.1~~.
600 swept-backwing.d~n~g~kiv.e,’~~~,~’and“i_n&&?asesas
somepowergr:eiti,te~’i“riaqthe-”$i>at.yo.werof.-the ebE%Iut.e

1 valueo-fthe l~t cone.f-fi~,i.qn~;;.,thi$increasetidicat~s
. thatthe,‘yawing,’mo”inent:,isi,caWse,d.m4i@y,byfthe dif;f’encek

in drag“ofth& ttio,qide,sof .~he.‘@rig.when:yawed;
draopedti p“tic<$ased.the d,ineqt~~ual.s~abil~tyof the -

!wingWith 5?jsyqepbackat smQL.:lift c~effic-i”enttibtit
had no appreciable‘“”effect at largeliftcoefficients ~”.
(fig.12(C)).

.. . . .
~it&pdn5 ~.: :The effect’ive~e~sof a half+span~ .20c

aileron-on “e-d,ghof the,varioqqw$:~gs.tesjted“isindicated
in figure@ “by‘theslopesrneas~,~qd.-between*1.5°”aileran
deflectionfor, CT,= O.2.” Simil.ar.variationscan be
ex~e ct ed up~to“a”~ift co&ff’ici”en-t
decreaseIn aileron”effec~iveness

of o.~. The marked
with swgepbackcombined

.

—
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.

.
—
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with themarkedinc~easein C~ ,indicatesthatwith
htghlyswept-backwingsthe aileronscannottrimout the
rollingmomentcau-se-dby large‘dn~lesof yaw; For example,
thesedata indicatethat?jOototal”aileroqanglewouldbe
capableof trimmingonly 2°, 6°,9°,Qfid32° angleof’yaw
for the 600,45°, 30°, and 0° swept-backwings,respec-
tively,at thelift coef’ficLentscorrespondingto m+x.fmum
C~ withflapsneutral(fig.38). The curvesof .
fi&res 5(c),15(c],. 22(c), and 29(c) show thatas the
angleof sweepback1s increased,the ailerofion therear-
wardwing whenyawedbecomesprogressivelylesseffective
in producingrollingmomentand the ail_eronon theforward
wingbecomesmore effective.For the45° and 60a swept-
backwingstheaileronon the rearwardwingwhen.yawed
becomes:.r”el~tivelyineffective.Upwarddeflectti’nofthe
aileron.on eitherwing appreciablyre&ces the slop,e

“c%”
.

.Because
.

CLa ~;d ct~a decreasawith ticrease~in
sweeptqe dampingin ~o~lcould also.be expected”to.
decrease. The ti~leronsthereforema~be capableof pro-
ducing.satil’sfactory.rates of.rol,lon highlyswept-back

.. .,-..

.

. t

-. ..~ — —
wingsj. ‘“.-. . ......—..-...—— ..—

-,

The smallchangein pltichingmomentcausedby aileron
deflectionindicate-s.t-hatwing-tipelevatorshavingswept= ~
back hingelinesWouldbe relativelyineffectiveon highly
swept-back:.wings.:-,.: .’,.

.,..

rnome~~
,Soilprs.=The effectiveness,i“nproducingrolling

nearlyhalf-spanspoi:erslocatedat 0.7con
theuppersurface”ofthewing is s~arized in figure41.
For:.thewin#with an angle”ofsweepbackof 600jthe
0.025.c:Spoilerprbticedrollingmomentin the wrong
direction.The ineffectivenessof’the spoileron the
swept-backwipgsin pr’odu,cingrollingmomentis probably
associated”wif~a;-ve~thickboundarylaye’rnear the tip
of th@ highlyswept-backwingscomparedWith thatofit.he
unsweptwing;:

The spoilerproduce@’characteTiqticssi~ilar:to
those”gf the aileron.w.ithreg?rd’”tbthe,variati.’un”-~T, !.”.
effectivenesswith yaw;~thatis,“$hdspoileron th~highly ,
swept-backwingswas”.totallyineffectiveon therearward
“wingbut”.more”’effective“’than”’~fi~rovaw when.~nthe for-
wardwlnge - ““” : .- ‘.. V:- . ... ..

=--’
—

-..
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44” The.’rat-herlarge-an’dfavorable’yawing’momentspro-
ducedby spoi~r deflectionsug”gestthe-use of a spoiler

ii” as a directional.eontro.l..&vice~. Rollingmomentsctibe
praducedby”.spo-il.eractionindirectly“by.ica”usingfavorable
sideslip, ~~.h ,Li’ .-..

P
.- The effectivenessof half-span

C1.2oc~ ‘“ ““:”aps deflected6003Q changingthe liftat
Og angl~of attackand in PZZ6

?
clng an”incrementin

.- maximumlift is indicatedIfi”Igtme&?. The estimated““
curves(dashedcurvesof fig. &?.) showthat the flap is
producingaboutall the incrementin CL at 0° sngleof

*L attackthat can be expected%.“Theflapproducedno incre-
ment in C~u for the witigwith 600 sweepback. In fact,

. the flapmay evenproducea decreasein C&lax not indi-. catedby the Qqtqob,tained~ Mzimum liftof-the:60° swept-
back wing withoutflap was not obtainedbecauseof limita-
tionsof the apparatus. The,valueof CL at moderate
anglesof attackitas,-howeverj,~gpreciablyincreasedby
deflectionof the splitflaps.

. For the swept-backwings~deflectionof”therflap did
not appreciablycharqjethe,.vdlue&f C* at mall values,.....

d of CL but at high valuesof CL the value‘of czfjwas -
chang,edcon~iderably. At,l~ge va~u8sof CL the o“ne-
“Va~u”6”o~taine&“withflap.defIe&te.d‘and“thewing”‘at”“approxi-
mately,,IIQ,angleof attack~dicated v“aluesof -CL*-., .. . ..
of.OiO@6 for the,30°and (3.0055for the45° and-the “--
60~ swept-backwings (fig.38)... ,-,. :..=

On the wings~$th ~Oo.,45°, tid 600 sweepbackthe
splitflap“testedwas nearly selftrhning “inpitch. The
slopesof the pitthing-momentcurvethroughoutthe lift-
rangewere not appyeciab.ljalteredby defle’ctionof the
split,,flap.~. . ... .’ .- : : .-: ::’.. ““ -:......,, .,- .,-..... ..-—.,.-..._.. .. ,.

Estimatedcharacteristics.- The simpleconcepts
suggestedin referencelh ave.%een used to estimate
certaincharacteristics,of,tliesWept-backwingsfrom the*P measuredcharacteristicsof”the unsweptwing. These
conceptsinvolvethe assumptionthatc~ges in sweep-

-% back angle,obtainedblypivo-tingthe semispan of a given -
wing aboutan ~i’s in the p~,aneaf““symm”e~ry,affectthe
loadingover each semispanohly insofaras sweepaffects
the componentsof velocitynormalto the leadingedge and

..=

. --

.—

..—

.
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the iin”jjlesof’aitafik~f thesevelocityc~mponentswith
x z ~-.....——-.

..
respf3ctto the planesof the wing seni~spans.H%en the G .
wingi3,are.sWept.,backin.t~g-m~@ti_~n~ica~ed{thatis, ‘
the ar6a&”ofthew~ng-ganelsa.ndthe spanmeasuredparhllel ;
to the leadlng,edgeare maintainedconst&nt), thef~llotiing

“v

charactaristi-c=are
. . .-.

CLU
. .

‘...., .,...
.. ::, J

. .“ . . .. . ‘“.C~5a
...........

Indicated: ..
+-- ‘r“-.-

()

.-- .
=

cLu*’=ocQ’sA . .. -..“- .-.-...-, at..:. . . .. . .:-,—-.

,
. . . .=

and ftir‘a”given:spl:i~flapor spoiler.deflection-, .< .-.. ---.. .,,”, --
... . . .- ~.......--__..,.=..-—--,-—--“— .- -

.-’ -,-----....-~:-- —. ..- .—.—..
,,

.
AC~=

()
ACL~ * COS2A”. =. . :----

. ..,. Act “=
()
ACL ~=o COS2.A -.. ... ..: ....-:-<- ...’.. ..:. .:,”.”-...,’ ...,.. .......

.-.
I

The.,aqeas.OJ?thewingsused in the presentl-nv@ti-.
gat’lonwqre Increaaed..bye“~tending,tilewing tipsin ~rder
‘“’tomsi!~tain‘c”onstanh.Spanastiheangleof.sweepbackwas
increase.diIn Q%,der“toappl’y.fiheconcep.ts..of_~e$eZ_e_wQ-1
consistcr.tlyjth~rMol.ejitS&:erns.r-q,as@&lQGtq cprrect
the d:?:aTor the“unsweptwing $este’d‘tti”the as~ecti&tio
of unswegtw.hgsb.a.vi,ngthe,.saraewing-paLne1 pl~n.fg.rzn-8S ._.
the s~,’~pt-bacltwing-s’”;ag:well as;t”o.G-tirre”ct~o&.the ,
eff’ects.of.‘swse.gon.Wings tit.cons.~tatitwin.g-p~.d:,p~an
form.~~-On thisbasisj‘‘the.Foll~wiBg“6quatiohsMay .be
writtah<the planks:in-:whtch’tievaiiablesare‘measured
betngtaken into’account-]: “ :. L -~-..!.

-.

,

. . .

.. >.
.
.,. .. .. .

,.,. !. “.,
,“. .---- ,.

A.
.:. ..:.

.“
.
. .. .
.

.
—

—

. ... . .. . ,“
-.:.:..’- ....”..... ,’.>..,..:. .-J,- .,=? :: 2%--:’-

~ f),

..— .. -—--- -
, “.cL&:.. “CosA: “:. ...CLQ”~=~y .~,. ,,. .,. ....>..,..,._.” ..i, ,- :’: ”-<

.. .-. .: ,’, ... i“”...-..:.; ... . . ...* ---
... .. . . ....i , ... ‘... S .:..-.*:-- ?--- ?-–..*-.:-:= —-,—-— ::-. ““ _. . . . . ..:. . ..

.> ; ,. ,, .= .’”;... .. . . . . . .
,+,--..,;!,.,,,, ., . . .’:.,’““-. . .. . . ~..

, $-iba(. “)
= &a: .,,:Yy:cwu ~ ..”.

, li=g< , .....”,“.” .=:.. f. ‘- - -: ‘ “=-==. . ........ >..
,.~. ,- . . .

.....,Z .,;..-; . ,, .;.:- ::. ----,...-”.
,!- . . .. . . . ‘.., ~....rf ,..m’ “.”.,. .“. $-.‘;.;;i”?::”;‘T$”.,.. A ., .. .. .. - . ....%—-:>-- --:---—

;. . .-:.:.~_~::. ----.: ..‘. ~:
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and for a given split..fl~~:u.r.,spoilerdef.lect:on,,;.,... .. .------- .... ...... .:1” .,‘,’ .;\., .””rI:”. .1” . . ...
.-.—., .. . . . .

,,, . ..’
AC.L.?

()””
“@L~~ , .:+“.cos~..A,,, .“.:.,, ... . . ___. .-.,.:,.

. . ..“, .. . :1..’{ .“. . ,. i... ‘,. ..!. J .. ,..,! -~.:;.. :1 —
,, ~., :,- ,----.,+

-
,.. , .= :.,-:’ .- ”;’; -J!”-.----- i -.!,. ..” >~ ,

()
ACL = ACZ m’ ~oaEA ~,:,.- ,.<h~,..”- ~ ..~

A=Q .,,,. ~,. ,,, .,., .,. ,...,“:.
~.”i...’’.’, .: .,: +. ..,. . ...:...,:, < J“. . -,,,.,:.: --

.“ .,.. -_+. . . . . —

“ ‘“in’;~’tic~the ~actb$$.~i-j,,,&d q“ ,atie’:d:fi$ed”,asfollb~s: - ~,,d ,- .,.
.’ ..:” . ...; ..-.’ ‘.” .,, - .----

..b

. . . .
,..,. . . ~’=(Eej+2)0“-,~

.’:, ,, ’,’ ,. !.:., ... .

. . . ,, . ...!
,: :1. . .

(:1::+4)6,.,..“— ‘~’~
:.

. . .

L??+k);=o’””-;,,. ,.,.‘.

..,

.—
.-. —---.,. .

-!:
,. ‘“ -— -_.. .,---: –- —-. .

1’- “.. .. ,“,” ~
-’:: ,7....’., .-:, ..-, ;.-.. :“. ?.., .;

. . . . . .. . . .’. .
.,. .

“*

“*

refersto .,.

effectivenesscz&3 . .and,t-hespli’tflap efi’edtiveness

(ACL)==0‘were slightly“~o&6Pthanthe estimatedcurves.
_-. .:

This vqria$iop@dic&tes that the velocity-component
co%&&&Mun’d~re.stiima%~s:“tlie‘eHects’ “oi’..’eepeep“bh”“tIi&se
.. .......A.“.”,-.”,’ ,,.,, .. .----t; i..: , .. —J.. .. J,...... .. . ------.-.-.
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characteristics. “Theincrementotiolling Momentcaused ..b
by spoi”lerdeflection(fig.41) decreasedmuch faster
with sweepthanthe estimatedcurve. This variationis
probabljattributablet-othe~factthat theboundarylayer

●.d
is carriedtowardthe tip as the sweepbackis increased
and also to the decreasein effectivespoilerdeflection

.

with sweepback. , ..
By means OT the previouslydiscussedconcepts,Betz

(reference1) derivedan expressionfor the rolling-moment u .<
coefficientcausedby side?lip as affectedby sweep. In
Betz~san-alysis,however,the typeof sweep-considered ~.
was one in which the.leadinged& of the s~veptwing“was
maintainedin a horizontalplaneregardlessof the angle

~.

of attackof the wing. “Thistype of-sweeprepresentsa
conditionin whichthe%_nglebetweenthe planesof the
lel%and rightsemispafi”tii.ngi(dihedralangle)varies
with angleof attackand cloe%.notapplythereforeto the
configurationsof thewings consideredin the present
investigation(thatis, wingssweptin a manner.suchthat
the anglebetwdenthe planesof the rightand left--semispan
wingsis maintai~edat 1.800,or zero dihedral,regardless
of’the angleof attack)..Ane~uatton,based on the same
simpl:~fiedassump&.onsmadeby B,etz(reference1), has
been derivedto apply~tb;,th~.~~ngs.(sweptin themanner
justdiscussed)of the pres~ntinvestigation.Thisequa-
tion,whichgivesvalue$””o~””’-”~:~:equalto one-halfthose
obtainedby ~etz,is’>as‘follows;

c~. .,
~lq ‘=
,. & “T-‘an”A: ‘,,. ..... ,,

. . .

,., -.
The.dashedcu~ve.op-figure39 was,obtainedby adding .

to the.valueof causedby sweep,as ~ete~ined
“byt e r-elationshipjustgiven,the ‘exp’erime”ntalvalue.
of &@CL~A=;CZq’dcL ., ..,, ._.’:..’--Th&agreementb8tweenthe experimental
and estimatedcurvesis goodbut may be fortuito~s””because ..
of the assumptionsmade in the derivationof;th.etheo- ,..
reticalre.lationship.

.,
am”

,.-.
CONCLUSIONS “ “ >.- *.

. .

-“

.

#.-
.

. .. . —

.
“4

,-.
b

—. -.
. R(?~pltsof testsifithe LangL”&y;stabil”~tytunnelof” ,

untaperedconstant-spanwingshavin”ganglesof“gweepback t ‘-
.
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Qf’-..oo, 3’00,.~jo,.and 600 indicatedthe following-effects
‘or:‘sweepback.on’.atabi.I.ityand controlcharacteristics:

..... . . . .——
1,-Large.c~hgeslin longitudinalstabilityoccurred

at mode~ately.1~.ge.lift.coefficientsfor thewingswith
45° and 600 sweepback.

.
2. The rateof changeof rolling-momentcoefficient

‘withangleof.yaw,increasedwith lift coefficient~-nd
nearlyas the tangentof tb.eangleof sweepback.All the
swept-backwingswith flapsneutralreacheda maximum
valueof rate of changeof rolling-momentcoefficient
with angleof yaw of about0.00.4.With flapsdeflected
rate of changeof rolling-momentcoefficientwith angle
of yaw increasedto about0.0055at some lift coefficient.

3. Droopingthe wing tips decreasedthe rate of
change of’ rolling-momentcoefficientwith angleof ja-wj-:““=
and the reductionincreasedwith increasein liftcoei’-
ficient. Droopingthe tips anpearedto be a prom~sfng
meansof reducingthe unfavorablelateral-stabilitychar-
acteristicsof wings’withlargesweepback.

4. Aileroneftectmivenessas measuredby the slope”-
of the curveof roll~g-momentcoefficientplottedagainst”
aileronangledecreasedwith-angleof sweepbackaboutas
much as wouldbe expectedfrom simpletheoreticalcbn-
sideratlons.This fact combinedwith the largeincrease
in lateralstabilitywith siveepbackindicatedthat,with
highlyswept-backwings,the aileroncannottrimout-the
rollingmomentcausedby largeanglesof yaw.

5. The smallchangein pitc-hingmoment causedby
ailerondeflectionindicatedthatwing-tipelevators
“havingswept-backhinge lineswouldbe relativelyineffec--
tiveon highlyswept-backw%ngs. -.,..-..

6. The maximumlift coefficientof the wings.without
flapswas approximatelyindependentof the angleof sweep-
back,but the angleof attackat maximuwliftvaried
nearlyinverselyas the cosineof the angle..of sweepback. .-

7. The split-flapeffectivenessat OO.angleof’attack
decreasedwith sweepback.The incremeritof maximumlift
coefficientwith flapsdeflecteddecreasedwith increase
in sweepbackand the maxtiumlift coefficientfor the
600 swept-backwingmay be less thanthatwith flap t
neutral.
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8..spoiler.effe.ctiveness..~nproducingrollingmomentg . . .
decreasedwith.sweepbackmuch,fssterthanwouldbe indi-
catec~by the simpletheory. The largeandfavorableyawingmoment~prgticedby the‘spoilerindicatedthat .spoilers,maybe of someuse in directionalcontrol. ●

.. — <- .- .=+-..-
—- .—-— —LangleyM“emori-ai-Aeronatiticil“Laboratory

National~dviso,ryCommitt~~for Aeronautics.
.LangleyField,.Vs.,March 26, 1946
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TABLEI - INDEXOF FIGURES

Angle Of A~~ect
sweepback,pa~io Data plotted~igure Model configuration against
(d:g) A

‘ii
60 2.52 Plainwtig a
60 2.52 Wing + aileron 0.

~ :: 2.52 Wing + aileron $
2.52

1
s60

Wing + spoiler
2.52 Wing + spoiler ;

60 2.52 Wing + splitflap a
9 60 2.52 Wing + splitflap w

#lo ~; 4.13 Plainwing a
11 4.02 Wing + droopedtips
12 kg 4.02 Wing + droopedtips ;
a
d

3.56 Plainwing a
~; ;.;:” Wing + aileron

15 Wing + aileron ;
~6 45 3:56. king+ spoiler
1
i

~; ;.;: Wing + spoiler ;
Wing + splitflap

;9 45
i
;g; Wing + splitflap ;

+0 30 Plainwing a
21 30 4.36 Wing+ aileron
22 30 4.36 Wing + aileron

4.36
;

2
$

30 h’in.g+ spoiler a
30 4.36 Wing+ spoiler

4.36
*

25 30 Wing + splitflap a
26 30 4.36 Wing+ splitflap *

E
/2 o 5.03 Plainwing a

o ;.:; ‘ Wing+ aile~on
;9 o Wing + aileron ;
30 0 5:03 ~Wing+ spoiler a
31 0 5.03 ‘Wing+ spoiler $
32 0 5.03 Wing+ splitflap a
3
t

o
?
.03 Wing+ splitflap +

+5; o .13 Plain-wing a
o 4.13 Plainwing w
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